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mm 1 1 v ya-^w FfcfttT asses**: 2 
-j<mm i & p q q g d h m-73-=~ -y * 
«e«. . . 

2 ] miay y#-^7^ Yifi.sr s /sat 

[fs^is 3 msxmt P QQG D Htf A c i n e t 

ob'acter calcoaceticus4**S 

ttpQQGDH-efcs-. m^mttz\i2\zwmw^ 
mm. 

GLu-Leu-Giy-Thr-Arg-Gly-Ser-Ser-Ar2-Val-Asp4.eu-Gl 
n 

. USE 1 - 3 Wvtfft*4=E*M>*£ 5 5fi .': 

K. ■ 

[MSB 5 3 YVtoflBSk 
Gly-Gly-Gly-Gly-Ser 

£3rt* . fiM 1 - 3 ©if vfftiH=SEiW)a*Jia 
*. 

Gly-Gly-Giy-Gly-Ser-Gly-Gly-Gly-Giy-Ser 

m. — 

[M#g 7 3 m#r 1-6 w vfshj&»fi^5»oa^g 

[»I9 3 |f5ftil7tia®«05t : iSi i 2r-&tf^SSg 

[sh*jji 1 0 3 mtoJiiMnmWB^mz 
1 1 3 mm 1 - e Mvtftip& morns 

gfi^r^O^a-^T-y-t-f^r-y K 
gajf^tf^a-^-fcy-?-. 
[00 0 13 

imnBLtzmmi y y* / 

y (PQQ) ■^aagRfc-tS/A-a-XBbteRffiR (G 
DH) n^-f^z. -y I* #20* y-f AcaaiS*ifcSBS 

[00023 

[■t*(7)S#i3 . p qqgd Htt. Koo^y y y y 

[00 033 PQQGDHtJi. BStett8BSi:*iStt 
4: tfWWvO**. JBH^ffiPQQGDH 



ii. jKFfi#8 7 k D a^s^y ^A^Tf - 

I, *Jgf4P.QQGDHttAc i netobac 

t e 1- c a 1 c o a c e t i c u sWi<0*>«8t: 
i>Vvc^o:i?&;«fg£ftT£ t ) (Biosci. B i 
otech. Biochem. (1 995) , 5 9 

(8) , 1548-1 555) » . 
~- y/$iir 5 /BBEWsWB*JW:» ft-T V»* (Mo 

1. Gen. Genet. (1989), 217:4 3 
0 — 4 3 6 ) . A. c a 1 c o a c e t i c u s&&& 
ig-ftPQQGDHkL <yr-5XAcii£t?. v 

^r-f ^r— p-QQGDHSttli. ^^^-i 
W^ftS^t<»M?il> *^--y h«, 
•CtiPQQGD-HStttSS^itstffll&StfC^ 
yj«14PQQGDH^±S^W&S']iitfc%fc<jPl 

[00043 jlli(t»/^3~^aKfct. JUBRfaSfc? 

gt^Vn-fcX?-^ 'J y^i5UT*^3l@ 

(GOD) V^i^3-X 6 'J yjgJMrtSBSS ( g 
6PDH) £JB***B3^±*)}g£5*tTvtf:. U» 
U GOD £ JBv^6*artli^/»'3-xBHfcSJSft:t i 

Wi/t-ahapi'*''— ££7 -y-t-i 3R(=SShrr SiBf&tfob 
3>fcGobSfflv^&^^*y^^BB%t»5i4to-'' 

& z t ^feWMEO^n-^SCHWiSBS fc'^C fc L' ' 

ffiffitf&ofc. G6P'DH»i»ftf3s«#ffitQBhJ'-- 

T**NAD (P) t«BL*H*UMefe<r'v^V%3j|I- 

QQGDHOJGffl^aiS^^*. PQQGDHii:^ 
VP QQG D im®WW3&&McomX'hZ> tH&VrfX 

gfrbLxwmmtiz^kfrb. ?)V3-x±- 

ffl»#Sii"C^I». L^L^ctft. PQQGDH(±G 
O D fc tt3R LT^^ftMa^tu-j^li^A^^Jt. 
[00053 

[00063 

>& P Q Q G D H <7>t 7'^-- v h % 9 Vf A(2^ Lfc^ 
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m%mti?&zt%M.^t£ix. #W5!*S9ftL 
[0007] ?%bh , 'J f £ 

[0008] itifflitt:. *«BBoil«6*t a- 
J&SH£»fls, fcJ:uqB3t£^^±S^#tffl«i*^ 

[0009] *%wnmmp qqgp hhu 

[00 10].. 

mmemmemm) aasGDH<o«Ba - 

^B^jg^SGDHJi. 20£toJc»ttPQQGpHtf) 
San?**. *SK8tfiE-5a^tGDHl4. S2Jl£iX 
[0011] ^S^TkiSttPQQGDHtt. 2**ryW 
*»B^.)jiSSGDH^*iJaLfc^ 

[0012] *»^<^®GDHt:tJV^{i. 2o<0 
if7U^-y M44 >■ 7 U-J*xm-&i5iXte U 

-*Wf - Fti5X 5 yffiElt<0*S-e^*. J: Off* L 
<i4l orsyiiUU:, $£«?£L<i4i3T5./S! 
ELb*>*3f&*. 'Jy*-«W4, 2-?<W^-y 

3|^ojijMGDH«B**JStt*fe»iifflliSrt^tt: 
[00 13] *fcff*L<t4. 'J^HWa^TSyR 

mmiz-kt*^* stan-r^s-cas. to*-?*- 
'mttx^-zhK . *fc«w>rs /BBSHfcWttnsfi 
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lzbtfX'% . Zixc*v>®3&*itz-t73-- i hjWMS 
SftfcifiSSPQQG D H t*^BH<?5i6Hrt"CA& . 
[00143 fftKli, *ittPQQGDH«t7-a 
~>y MiA cinetobacter calcoac 
eticus A*ft*»ttPQQ G D HT"£> & . 1«# 
14. fi!l«a^S*tS7J«PQQGDH^V>T 

ass i t e i o . . *«p^»^aa**tts z t 

WXZ & . Ztlt>0>iS$mP QQGD h i>*mMm 
I*IT"S>I>. 

a&MGDHg)ie&:fr& 

0154. 2^% B J^fijnffl G D H XlfZtllt^— 
Htt, PQQGDHc02-?W7'a.--y h%V>#-^ 

T^YZftLxmk%tt4>?i'-^$z?t'jZb 

Jti tHHW*£ t^-C^S. A cinetobact 
e r calcoaceticus fi*tf>3aStf>*i8tt 
PQQGDH£3~K1-£iIg^>S». Mo l . G 
en. Genet. (1989) , 217 : 430-4 

. [0015] *3fi#&aBSSG D H & 3- Y-fmB* 
£, 2-5eD*^PQQGDH<0^yj--»/ F&3-K 

^7"^- -y f i: u v^- k m y 7 u-ATM^ae® 

tLTJHISii*J:3t3«rt:6. yy*-£LTtt. 
^*^{4-t^)eS^0B5>I2:fflV^^ t*£TS 4 . M 

#co^j6^a« o*s»4 , mmmmizt^xmtL 

X^&* Z<r)£ofcVXWzmmGVHZn~Yth 
{:J$At- iii^Si^±(Wt(4'«M) C»WE 

- • m^mmmmiz^xmhfixa o . a± 

kfC{4M/J4\ JIS, iS»«^k'^S^«^ 
[0016]±ii^=t0(CL-Tf#Wt^, JSteSGDH 

^-ri», iittffiSMl^KL, PQQGDHar-irtJvIqf 

a-7h^77rf~, HPLC^iTfcJiOiiHItiikft: 
J; 0 . *%aJ<7)i&SSG D H SifflSt-S . 
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t^mwmmsLGDmi. PQQZwmrnkvx. 

a-x *mc LX y i&&t&BJSifA 

[00 1 7] WmSG&ftmi.* PQQGDHfcii*' 

■mMtlXli, M?J£. PMS (7 S t^bt^ 
7 x — M — DC IP (2, 6-y;oq7x/-W 

tf5 5X) tMV^f^-bU -5gHrBJ£fcfc:7'J:i 

-hzm&ixmmftmmfcL. tzmmztit* 
h ht^mwm^m^h acr] sits 

[0018] *»«««^BGDH«, fMPQQG 

DHkmLxm^mffitziftzzkzmLbi- 

4-&< jdw* v * , m&*x'<7)%$im>'m< mmmf 
awawt** . *awsffl^-cr v -fe-f * h ft* 

-x77^^'7 h^i^tts, *wflw r *3 -x 
t i i ejw -y-feW iz+^m-tts. aawtra . 

mm. mMmmwzismtLx. twmmim 
m&*mm t Lxnmt ■- 1 &x-% * . m t < a 

#%Bj^iigi[G d H^n-ftL^FlTUfftSixl. 

fe-c**. .. 

JifSMG D H fcfflv%4 



KfcflBctfry v-&if#ft 0 ft £ x n-fe 
t fc i toK U -e-^fcESft 6 v ^;HHLtfclR«ffl5£ L- 

i L<ii*a6W«aaasGD mzxu ^Ltzmmx-mm 
±.mmt-fz>fiK T#mmmx'm&kb. pqq 
mmt Lxttdm-mxiMkth z t if* & . 

aGDHfca-#>^SJ:t@5efl;Lfc&. TS 

^-t s sarc «si l x jurjvft i< 7*n * * y 

X'ffoZktfX'$&* Ul&JzMZtMffllZXh..- PQQ 
&£tfc&c\^ fciif^r -fx-^~5-3ni'T-.^ 

^K«tit-r* . ^ f 4 x-^-t tta. 7 x ^7 

yto'J^i*. 7i7^^Mf;U7i-h^ri:SrfflV^ 

5 i t &v § * , t LxxmnrnmoD h 

t/#B3©ffi ((?Ji(±*Ag/AgC lmffi) *JBV^..* 

[0020] 

^tS^J 1 

Ji^MGDHcOlS^ 

tmy^y^yYte., A. ca 1 coac e t i cus 
LMD 7 9 . 4 1 (the Netherlands 
Culture Col lection)SS^t 
«9PQQGDH1fji3IfE^-arT>'7V-h>: LT, HffS 
*MBHB»H!fl*-fttr ± '3 1: . PC RRiSC ± "3 U ■ 
!t. PC RRJECti. ^ 2 CO* U 3' j? ^ Vtt Y 7° 



«177^yb(Nco I/Sac I) 
7 7- K 5* -GGCCATGGATAAACATTTATTGGCTAAAATTGCTTTAT-3' 
<JA~Z 5'-GGGAGCTCCTTAGCCTTATAGGTGAACTTAATGAG-3' 
S275^yh(Pst I/Hind III) 

7^-7-K 5' -GGCTGCAGGTTCCTCTAACTCCATCrCAATTTGCTAAA-3' 
'Jrs-X 5'-GGAAGCTTTTACTTAGCCTTATAGGTGAACTTAATGAG-3' 
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( P h a r m a c i a&) <0 2*M9 a-~y73tiLlZ 
9 VfMJ&RMl. ®jk? Hy*#L*V« 1 7 77' 
^yhSrNco I/Sac IIBffitffAL, UMiaKf 
I/H indll 

I ft feiVtr^^S b P LGB 1 (i. 

•-f >-7 w^f* >'r A{3&63*iT^41K£-fiaK£ 

3- b-rs . y y *HWtt . 9 -<ni)V^9 
xx- - y?'mmws^&%-th hwTh y . 0 -#7 
9 1- > -y^<m #&nn 1 375 yagss* 3-* p-t- 

[0021] MBit LTli, Sf^SPQQGDHSrri- 
.H^-fijtfirWH t»<7 7-p T 1- c 9 9 At if A 
8* IT V>& 7'77 5 Hp GB 2 fcfflt>fc. 

!}t±«t i/tat. ffwwti 9 pqqgd HflBiat 

(sW^t^E. col i PP24 1S#=(C 
leton-Jansen et al. ,1 990) 
fcfflk vfc. iflftSrSOiW 1 T1#<c>*i£7°7* 5 I s P L 
G B 1 *J J:lW!fi[r?X S H p 0 B 2T*ivWl b 7 V 
77*-AU &MI;Mf**L-7n7,*T'60 0n 
M PQQUitfSmM C aC 1 2 tf>#3ETT'3 7XT 
«H»0. 3mM I 
PTGfcjD* . S <bfc3 0^C-««W«i-Cif» 
bfc . MB* HURL. 10m M 'J VglSffi ( P H 

7.0) ^vyvy^rvxizimmv (homp 

as), jffilfrjHK (160. 5 0 0 g, lh, 4'C) 

Bt>£I31KU 1 OmM >J >'8«$ ( P H 7 . 0 ) 
TSWfLfc. 

mtm.G d H(O^F*<oa^ 

*»M2-C#4>*utflflB!Bas^. 10mM y^KS 
flffflc ( p H 7 . 0 ) T'^irft bfc* >xM? er? b 
(CM-Toyopear 1 6 5 0M) K 
SL. 0. 8M NaCl/lOmM 'J y®$g#*£ 
( P H 7 . 0 ) TSftBLfc. 

frT?$WF3i7 n-7b7'77-f-(G-3000. b 

-y-ft) cftLfctc*. swm, assgGDH 

*LTt*. L*»U SfcfcSDS-PAGEtCiOfl- 
«f Lfc k - 6 . - ^■4Mi* : F« 5 0 k D a <osa »* 

**#*L-cvxt. w ymx^meVM^z 

5 OkDaWPQQGDHflt^-7 b 

tt®#£3 6fc:2. OmM ^'T-y>-HCl«#S 
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TX'jrJV-Fi&f b 7 a - Wft LT . ftfi 1 0 
0 k nk«Jta««*** , *-f* GD Hj§ttB#Sr»fc 
(02) . >lcOJ:'){2LT#4»*ifcS3tar5i^SGHD 

$»7>/-t4 

BSjSttli. »K£ 1 OmM MOPS«ff$ (pH 
7. 0)*T\ ImMCaC l 2 *5j:tXl acM. PQQ 
<0#£TT'SfiT 1 0 */C- b Ufctfc . 0 . 

6mM 7st^W7x-h, 0- 0 6mM 
2, 6 -it? DU7 x 7— /M V H'7 jc7— ;k ( DC I 
P ) <Wff£T"£\ 2 5'CT'6 0 0 n m^PR3tS^i^« 

§&m%.t & z t tcx y mm . 

[0022] 7>n-7?&K 1 0-1000 mMOieB 
X'Tv-tr^f im\ jg*SiiGDHc%liKi£WA7^-7 
t«BLfc. aS^GDH^P3-^KStt£Kmfi 
33^5^ HAKJttiKm|ll*h.fll2 0 mM*J 
AUf 1 2mMT* 0 . 5c^S^W "7— PQQGD H t (5 
{?^"C&-5fc (Mathushita et a 

I., 1995; Olsthoorn et a 

1 . , 1 996, 1998) . 

[0023] S^GDH<0^3-XKS-T5 
Vmaxtli89 7U/mgTiD, 
SVmaxili4 6 7 U/mgT<b-5Jt. 59««0^ ^ 
— P QQGDH <OjfflffiiiHtl± - *L * T(C^S^&6«fc 

y N wmnmmxmte J; t^r v -t -f lt , 3 

0 0 0 U/m g*^ 7 4 0 0 U/m g^igfflT'fel. (M 
athushita et al. , 1995;01s 
thoorn etal. , 1996, 1998) . t 
JKSSGDHli^S^'f^-PQQGDH^) 

10-30 ?MiOg4«^tt&Wt§ . c««i±; ^ 

3figgGDHfcJ?tf»±aGDH«T, 1 OmM MOP 
S®«?K ( p H 7 . 0 ) 3 0-7 0°C^fl,TN$ix 
fc«UtC2 0«BBS«L. mzA*CX'2-'M&mhK 
tt, WTWWJHSttSagLfc. 

[0024] fe**! 3 t^r. KRLfcaaeHtfc 

^Tis. jfilnMGDH{±K4M^'W "7— GD Hi OffiV^ 
»#®1iar*tfc. ^*t^«M*«, jl^fflGDH^W 
v-GDHi •3«6W=Ki^S3cSttS:5-rS 

-a«y v^-c j: y 3is§it»^SG d h 

mm 1 t'#fe*L^r 77. S bp LGB 1 SISMG 
DH^yS-^'7?b fe'lii *0 1 3 7 5 7 R*» & =5r 
S 'J yil-%7t : Glu-Leu-Cly-Thr-Arg-Gly-Ser-Ser-Ar 
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1 %ff&fr91V7fr¥ t F ££tr lOmM MO P SjS 

ii( P H7. o ) ^-psfl-e 3 o Lfcft, 2 

0 mM 'J y yfe-^tt 1 0 inM MOP S£S« ( P H 
7. 0) p^t«t'2 0»2SItT^^;r/;Hrt 
|^?'Oy^y/U>:. :«tl£10mM MOPS 

mm®. ( p h 7 . o ) $>x°m&x' i uaatLh^HSfl;*^ 

fc. TO±4*C-C(i#L!t. 

[0025] imifcmtyy-z®^?^-* 

fcg^-fcy-*?-— S-fflWC, 0. lmM-5mM<03E!l"C 
[0026] 

mm) 



g-Val-Asp-Leu-CIn* 3 tiffi^S. ^H-N* 
Gly-Gly-Gly-Gly-Ser 

Gly-Gl y-Gl y-Gly-Set-Gly-Gl y-Gl y-Cly-Ser 

rnmo DH!^ ^t'ixi . *st^j 2 tit fefifcasssG 
d h t EgfrrsB«asttfciu«ssgtt*«^. 

HJSM7- 

5 U<03H£S!G DHW--t^'^ f 2 0 m g * jDi. 

SEQUENCE LISTING 

<;110>; Sode. Koji 

<;120>: Linked Glucose Dehydrogenase 
<;130>: 990388 
<;160>; 4 

<;170>; Patentln Ver. 2.0 
<;210>: 1 
<;211>; 3S 
<:212>; DNA 

<;213>; Acetobacter calcoaceticus 
<;400>; 1 

ggccatggat aaacatttat tggctaaaat tgctttat 
<;210>; 2 
<;211>; 35 
<;212>; DNA 

<;213>; Acetobacter calcoaceticus 
<;400>; 2 

gggagctcct tagccttata ggtgaactta atgag 
<;210>; 3 
<:211>; 38 
<;212>; DNA 

<;213>; Acetobacter calcoaceticus 
<;400>; 3 

ggctgcaggt tcctctaact ccatctcaat ttgctaaa 
<;210>; 4 
■ <;211>; 38 
<;212>; DNA 

<;213>; Acetobacter calcoaceticus 

<;400>; 4 ".' . 

ggaagctttt acttagcctt atagstgaac ttaatgag 38 
rrai 1 Hlfi *?&0fi^)5iSSSGDHa:3-} ;: 'f l> lJll'C$>&<, 



35 



38 
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F^-A.(##) 4B024 AMI AA20 BAOS CA03 DA05 

DA06 EA04 GA11 HA01 
4B050 CC03 DD02 LL03 
4B063 QA01 QA1S QQ03 QR04 QR65 

QS02QX01 
4B065 AA04Y AA26X AB01 AC14 

BA02 CA2S CA46 
4H045 AA10 AA30 BA10 CA11 DAS9 

EA50 FA72 FA74 
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(54) LINKED GLUCOSE DEHYDROGENASE 
(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a new enzyme which is obtained by 
linking water-soluble glucose dehydrogenase subunits via a linker peptide, 
requires pyrrolo-quinoline quinone as a coenzyme, has good thermal 
stability, and can be used for quantitatively determining glucose and the 
. like. 

SOLUTION: This is a new enzyme (fused protein) which is obtained by 
linking two water-soluble glucose dehydrogenase (GDH) subunits via the 
linker peptide having an amino acid sequence, for example, shown by the 
formula, requires pyrrolo-quinoline quinone (PQQ) as a coenzyme, has 
improved thermal stability, and is useful for quantitativery determining 
glucose in clinical diagnosis, food analysis, and so on. This enzyme is 
obtained by preparing two fragments by PCR using two pairs of primers so 
as to contain a desired restriction enzyme site using a natural pyrrolo- 
quinoline quinone glucose dehydrogenase (PQQGDH) gene derived from 
Acinetobacter caicoaceticum as a template, followed by incorporating both 
into a vector to express in a host cell. 
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